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(54) Method and apparatus for compensating torque steer 

(57) A system (1 0) for compensating torque steer in 
a vehicle power assist steering system for a front wheel 
drive vehicle includes an engine speed sensor (60) or a 
road wheel drive torque sensor (61). A torque sensor 
(32) senses applied steering torque. A steering assist 
motor (28) provides power assist to assist the vehicle 
operator in steering the vehicle. A controller (62) con- 
trols the power assist motor in response to the sensed 
applied steering torque and in response to one of the 
sensed engine speed or the road wheel drive torque to 
compensate for torque steer. 
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Description 

Technical Held 

The present invention is directed generally to con- 
trolling a vehicle power steering system and specifically 
directed to a method and apparatus for compensating 
torque steer in front wheel drive vehicles. 



In most front wheel drive vehicles, a phenomenon 
known as "torque steer" is experienced. Torque steer is 
a vehicle steering effect resulting from the torque devel- 
oped by a vehicle engine. There are two primary causes 
of torque steer. First, torque steer results when torque 
developed by the vehicle engine is transferred unevenly 
to the vehicle front wheels. Second, uneven progress of 
the vehicle front wheels in response to the torque devel- 
oped by the vehicle engine also results in torque steer. 

The concept of torque steer is most easily under- 
stood by way of example. Assume a driver is travelling in 
a front wheel drive vehicle on a straight path down a 
straight road. If this driver suddenly accelerates, i.e.. 
rapidly increases engine revolutions-per-minute 
("RPMs"), the vehicle will tend to steer either left or right 
as a result of the torque steer effect on the vehicle. This 
situation thus requires the driver to compensate for the 
torque steer effect so as to maintain his correct path of 
travel down the road. 

Summary of the Invention 

The present invention is directed to a method and 
apparatus for compensating for torque steer in front 
wheel drive vehicles and eliminate the need for driver 
interaction to correct for the effects of torque steer. 

In accordance with one embodiment of the present 
invention, an apparatus is provided for compensating 
torque steer in a vehicle having a power assist steering 
system. The apparatus comprises means for sensing 
an operating characteristic of a vehicle indicative of 
torque steer. Means are provided for sensing an opera- 
tor applied steering torque. The apparatus further 
includes control means for controlling the power assist 
steering system in response to the sensed operator 
applied steering torque and in response to the sensed 
torque steer characteristic so as to compensate for 
torque steer. 

In accordance with a preferred embodiment of the 
present invention, the means for sensing an operating 
characteristic of a vehicle indicative of torque steer is 
engine speed or road wheel drive torque. 

In accordance with another embodiment of the 
present invention, a method is provided for compensat- 
ing torque steer in a vehicle power assist steering sys- 
tem. The method comprising the steps of sensing a 
vehicle operating characteristic indicative of torque 
steer, sensing applied steering torque by a vehicle oper- 



ator, and controlling the power assist steering system in 
response to the sensed applied steering torque and the 
sensed operating characteristic indicative of torque 
steer so as to compensate for torque steer. 
s In accordance with a preferred embodiment, the 
step of sensing an operating characteristic indicative of 
torque steer includes either the step of sensing rota- 
tjons-per-minute of the vehicle engine or the step of 
sensing road wheel drive torque. 

Brief Description of the Drawings 

The foregoing and other features and advantages 
of the present invention will become apparent to one 
is skilled in the art to which the present invention relates 
upon consideration of the following detailed description 
of the invention with reference to the accompanying 
drawing, wherein: 

so Fig. 1 is a block diagram of a torque steer compen- 
sation system made in accordance with the present 
invention. 

Description of Preferred Embodiments 

25 

Referring to Fig. 1 , a vehicle torque steer compen- 
sation system 10, in accordance with the present inven- 
tion, includes a vehicle steering wheel 12 connected to 
an input shaft 14. A pinion gear 16 is connected to an 

30 output shaft 1 8. The input shaft 1 4 is coupled to the out- 
put shaft 1 8 through a torsion bar 20. The torsion bar 20 
twists in response to torque applied to the vehicle steer- 
ing wheel 1 2 and permits relative rotation between the 
input shaft 14 and the output shaft 18. Stops, not 

35 shown, limit the amount of relative rotation between the 
input shaft 14 and the output shaft 18 in a manner 
known in the art. 

The pinion gear 16 has helical gear teeth (not 
shown) which are meshingly engaged with straight cut 

40 gear teeth (not shown) on a linear steering member or 
rack 22. The rack 22 is coupled to vehicle steerable 
wheels 24 and 26 through steering linkage in a known 
manner. The pinion gear 16 together with the rack 22 
forms a rack and pinion gear set. 

45 The vehicle's engine 27 is drivably coupled to the 
wheels 24, 26 in a known manner. The wheels 27, 26 
are the front wheel drive vehicle. The present invention 
is also applicable to an all wheel drive vehicle. 

When the steering wheel 12 is turned, the rack and 

so pinion gear set converts the rotary motion of the steer- 
ing 22 moves linearly, the steerable wheels 24 and 26 
pivot about their associated steering axes and the vehi- 
cle is steered. An electric assist motor 28 is drivingly 
connected with the rack 22 through, preferably, a ball- 

55 nut drive arrangement (not shown). The motor 28. when 
energized, provides power assist torque to aid a vehicle 
driver in steering movement of the rack 22 and. in turn, 
steering of the vehicle. 

A shaft position sensor 30 is operatively connected 
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across the input shaft 14 and the output shaft 18. The 
shaft position sensor 30. in combination with the torsion 
bar 20, form a torque sensor 32. The shaft position sen- 
sor 30 provides an output signal on line 34 having a 
value indicative of the relative rotational position 5 
between the input shaft 14 and the output shaft 18. This 
relative rotational position between the input shaft 14 
and the output shaft 18 is indicative of the steering 
torque applied by the vehicle operator to the vehicle 
steering wheel 12. Therefore, the value of the output 10 
signal on line 34 from the shaft position sensor 30 is 
indicative of the value or amount of steering torque 
applied to the vehicle steering wheel 12 and is referred 
to as the "applied steering torque." 

The applied steering torque signal on line 34 is con- is 
nected to a steering torque command circuit 36. The 
steering torque command circuit 36 determines the 
amount of desired assist torque to be provided by the 
motor 28 and provides a torque command output 40 
having a value indicative of the determined amount of 20 
desired torque assist. The torque command output 40 is 
a function of two parameters: (i) the value of the applied 
steering torque; and (ii) vehicle speed. 

A vehicle speed sensor 38 provides a vehicle speed 
output signal to the torque command circuit 36 having a 2s 
value indicative of the sensed vehicle speed. Typically, 
the amount of torque assist desired from the motor 28 
decreases as vehicle speed increases. This is referred 
to in the art as "speed proportional steering." In addition 
to the torque command output 40. the steering torque 30 
command circuit 36 provides a sign output 42 which has 
a sign value indicative of the direction the applied steer- 
ing torque (i.e., left turn or right turn) indicated by the 
output on line 34 of the torque sensor 32. The operation 
of a torque command circuit, such as circuit 36, for con- 35 
trol of an electric assist motor in response to applied 
steering torque and vehicle speed is known in the art 
and a detailed description of such operation is not dis- 
cussed herein in detail. An example of a torque com- 
mand circuit in accordance with the present invention is 40 
described in U.S. Patent No. 5.257.828 to Miller et al., 
which is hereby fully incorporated herein by reference. 

The output 40 of the steering torque command cir- 
cuit 36 is connected to one input of a summing circuit 
44. A multiplier circuit 46 provides a torque steer com- 45 
pensation output 48 which is connected to another input 
of the summing circuit 44. The summing circuit 44 pro- 
vides a compensated torque command output 50 which 
is equal to the sum of the torque command value on out- 
put 40 and the torque steer compensation value on out- so 
put 48. The value of the compensated torque command 
output 50 is the value of the assist torque needed to 
cause the motor 28 to: 1) provide the desired steering 
assist torque (output 40); and 2) compensate for the 
torque steer effect on the vehicle (output 48). 55 

The torque steer compensation output 48 is the 
value of the sign output 42 times the value of a torque 
steer output 56 provided by a torque steer control circuit 
58. The torque steer control circuit 58 determines the 



value of the torque steer output 56 in response to: 1) 
vehicle speed sensed by the vehicle speed sensor 38; 
and 2) vehicle engine r.p.m. sensed by an engine r.p.m. 
sensor 60. In accordance with a preferred embodiment, 
the torque steer control circuit 58, along with the multi- 
plier 46, summing circuit 44, and steering torque com- 
mand circuit 36 are all programmed in a microcomputer 
controller 62. The engine speed is indicative of the 
amount of torque steer. 

In accordance with an alternative embodiment of 
the present invention, a road wheel drive torque sensor 
61 is operatively coupled between the vehicle engine 27 
and the driven wheels 24, 26 preferably in the vehicle's 
transmission. The road wheel drive torque sensor pro- 
vides an electrical signal to the torque steer control cir- 
cuit 58 having a characteristic indicative of the drive 
torque being applied to the driven wheels 24, 26. The 
amount of the drive torque applied is indicative of the 
amount of the torque steer. 

The functional relationship between the value of the 
torque steer compensation output 56 and vehicle speed 
from sensor 38 and engine r.p.m. from sensor 60 or 
road wheel drive torque from sensor 61 is dependent 
upon the particular vehicle platform of interest. It is 
anticipated that each vehicle platform will have an asso- 
ciated functional relationship. For a particular vehicle 
platform of interest, the torque steer compensation 
functional relationship may be determined empirically 
and stored in the form of an internal look-up table (mem- 
ory) in the microcomputer controller 62. Alternatively, 
the torque steer compensation functional relationship 
may be defined by an equation stored in the controller 
62. 

The torque compensating output 50 provided by the 
summing circuit 44 is connected to a drive control circuit 
52. The drive control circuit 52 uses the torque compen- 
sated output 50 in controlling the motor energization 
current and the motor direction. A motor drive output 54 
is provided to the motor 28 to energize the motor 28 
which causes the motor to develop the compensated 
torque assist, i.e.. torque assist compensated for any 
sensed torque steer effect 

Although the present invention has been described 
with regard to an electric power assist steering system, 
the invention is not limited to such a system. The 
present invention may be used with equal utility in a 
front wheel drive or all wheel drive vehicle having a 
hydraulic power steering system. In a hydraulic system, 
instead of an electrically controlled electric assist motor, 
hydraulic differential pressure is electrically controlled in 
response to measured engine r.p.m. or sensed road 
wheel drive torque to compensate for vehicle torque 
steer. Electric control of a hydraulic assist steering sys- 
tem is accomplished through electrical control of a valve 
between a pump and the hydraulic assist device. 

From the above description of the invention, those 
skilled in the art will perceive improvements, changes, 
and modifications. Such improvements, changes, and 
modifications within the skill of the art are intended to be 
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covered by the appended claims. According to its 
broadest aspect the invention relates to: 

10. An apparatus for compensating for torque steer 
in a vehicle having a power assist steering system, said 
apparatus comprising: s 

means for sensing an operating characteristic of a 
vehicle indicative of torque steer; and 
means for sensing an operator applied steering 
torque. to 

It should be noted that the objects and advantages 
of the invention may be attained by means of any com- 
patible combination(s) particularly pointed out in the 
items of the following summary of the invention and the is 
appended claims. 

SUMMARY OF THE INVENTION:. 

1 . An apparatus for compensating for torque steer 20 
in a vehicle having a power assist steering system, 
said apparatus comprising: 

means for sensing an operating characteristic 
of a vehicle indicative of torque steer; 25 
means for sensing an operator applied steering 
torque; and 

control means for controlling the power assist 
steering system in response to the sensed 
operator applied steering torque and in 30 
response to the sensed operating characteris- 
tic indicative of torque steer so as to compen- 
sate for torque steer. 

2. The apparatus wherein said means for sensing 35 
an operating characteristic of the vehicle indicative 

of torque steer senses engine rotations-per-minute 
of the vehicle engine. 

3. The apparatus wherein said apparatus further 40 
includes means for sensing vehicle speed, said 
control means being further responsive to sensed 
vehicle speed to compensate for said torque steer. 

4. The apparatus wherein said means for sensing 45 
an operating characteristic of the vehicle indicative 

of torque steer senses road wheel drive torque. 

5. The apparatus wherein said apparatus further 
includes means for sensing vehicle speed, said so 
control means being further responsive to sensed 
vehicle speed to compensate for said torque steer. 

6. The apparatus wherein said power assist means 

is an electric motor. ss 

7. The apparatus wherein said power assist means 
is a hydraulic device. 



8. A vehicle power assist steering system compris- 
ing: 

sensing means for sensing rotations-per- 
minute (r.p.m.) of a vehicle engine; 
torque sensing means for sensing steering 
torque applied to a vehicle steering wheel by a 
vehicle operator; 

an electric assist motor for providing a steering 
assist force to assist the vehicle operator in 
steering the vehicle; 

control means for controlling said electric assist 
motor in response to the sensed applied steer- 
ing torque and in response to the sensed 
engine r.p.m. to compensate for torque steer. 

9. A vehicle power assist steering system compris- 
ing: 

sensing means for sensing road wheel drive 
torque; 

torque sensing means for sensing steering 
torque applied to a vehicle steering wheel by a 
vehicle operator; 

an electric assist motor for providing a steering 
assist force to assist the vehicle operator in 
steering the vehicle; 

control means for controlling said electric assist 
motor in response to the sensed applied steer- 
ing torque and in response to the sensed road 
wheel drive torque to compensate for torque 
steer. 

10. A method for compensating torque steer in a 
vehicle power assist steering system, said method 
comprising the steps of: 

sensing a vehicle operating characteristic 

indicative of torque steer; 

sensing applied steering torque by a vehicle 

operator; 

controlling the power assist steering system in 
response to said sensed applied steering 
torque and said sensed operating characteris- 
tic indicative of torque steer so as to compen- 
sate for torque steer. 

1 1 . The method wherein said step of sensing an 
operating characteristic indicative of torque steer 
includes the step of sensing rotations-per-minute of 
the vehicle engine. 

12. The method and apparatus further including the 
step of sensing vehicle speed, said step of control- 
ling is further responsive to said sensed vehicle 
speed. 

13. The method wherein said step of sensing an 
operating characteristic indicative of torque steer 
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includes the step of sensing road wheel drive 
torque. 

14. The method further including the step of sens- 
ing vehicle speed, said step of controlling is further 5 
responsive to said sensed vehicle speed. 



steering the vehicle; 

control means for controlling said electric assist 
motor in response to the sensed applied steer- 
ing torque and in response to the sensed 
engine r.pm. to compensate for torque steer. 

7. A vehicle power assist steering system comprising: 



1 . An apparatus for compensating for torque steer in a 
vehicle having a power assist steering system, said 
apparatus comprising: 

means for sensing an operating characteristic 
of a vehicle indicative of torque steer; 
means for sensing an operator applied steering 
torque; and 

control means for controlling the power assist 
steering system in response to the sensed 
operator applied steering torque and in 
response to the sensed operating characteris- 
tic indicative of torque steer so as to compen- 
sate for torque steer. 

2. The apparatus of claim 1 wherein said means for 
sensing an operating characteristic of the vehicle 
indicative of torque steer senses engine rotatjons- 
per-minute of the vehicle engine. 

3. The apparatus of claim 2 wherein said apparatus 
further includes means for sensing vehicle speed, 
said control means being further responsive to 
sensed vehicle speed to compensate for said 
torque steer. 

4. The apparatus of claim 1 wherein said means for 
sensing an operating characteristic of the vehicle 
indicative of torque steer senses road wheel drive 
torque. 

5. The apparatus of claim 4 wherein said apparatus 
further includes means for sensing vehicle speed, 
said control means being further responsive to 
sensed vehicle speed to compensate for said 
torque steer. 

wherein preferably said power assist means 
is an electric motor, and 

wherein preferably said power assist means 
is a hydraulic device. 

6. A vehicle power assist steering system comprising: 

sensing means for sensing rotations-per- 
minute (r.p.m.) of a vehicle engine; 
torque sensing means for sensing steering 
torque applied to a vehicle steering wheel by a 
vehicle operator; 

an electric assist motor for providing a steering 
assist force to assist the vehicle operator in 



sensing means for sensing road wheel drive 
to torque; 

torque sensing means for sensing steering 
torque applied to a vehicle steering wheel by a 
vehicle operator; 

an electric assist motor for providing a steering 
75 assist force to assist the vehicle operator in 

steering the vehicle; 

control means for controlling said electric assist 
motor in response to the sensed applied steer- 
ing torque and in response to the sensed road 
20 wheel drive torque to compensate for torque 

steer. 

8. A method for compensating torque steer in a vehi- 
cle power assist steering system, said method com- 

25 prising the steps of: 

sensing a vehicle operating characteristic 

indicative of torque steer; 

sensing applied steering torque by a vehicle 

30 operator; 

controlling the power assist steering system in 
response to said sensed applied steering 
torque and said sensed operating characteris- 
tic indicative of torque steer so as to compen- 

35 sate for torque steer. 

9. The method of claim 8 wherein said step of sensing 
an operating characteristic indicative of torque 
steer includes the step of sensing rotations-per- 

40 minute of the vehicle engine. 

further preferably including the step of sens- 
ing vehicle speed, said step of controlling is further 
responsive to said sensed vehicle speed, 

wherein preferably said step of sensing an 
45 operating characteristic indicative of torque steer 
includes the step of sensing road wheel drive 
torque, and 

further preferably including the step of sens- 
ing vehicle speed, said step of controlling is further 
so responsive to said sensed vehicle speed. 

1 0. An apparatus for compensating for torque steer in a 
vehicle having a power assist steering system, said 
apparatus comprising: 

55 

means for sensing an operating characteristic 
of a vehicle indicative of torque steer: and 
means for sensing an operator applied steering 
torque. 



5 



EP0 787 642 A2 



6 \ 


ROAD 


WHEEL 


DRIVE 


TORQUE 



s-60 






ENGINE RPM 
SENSOR 











VEHICLE SPEED 
SENSOR 



32-^ 



TORQUE STEERING 
CONTROL CIRCUIT 



56 46 



62 



ztzzrf—f— 1 

ir cTrrDiMr / i ' ■ 



STEERING TORQUE 
COMMAND CIRCUIT 



^1 



POSITION 


20 


TORSION 


SENSOR 




. BAR 




52 
_Z_ 



DRIVE 
CONTROL 
CIRCUIT 











ELECT. 
MOTOR 


ENGINE 




w 




27 ) 




16 


28^ 



Z3£ 



Fig.1 



